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Prevalence of a gene encoding adhesin involved in diffuse adherence among Escherichia coli isolates in pigs with postweaning diarrhea or edema disease
Seung-Kwon Ha, Changsun Choi, Chanhee Chae Abstract. A total of 604 Escherichia coli strains isolated from weaned pigs with diarrhea or edema disease on 653 swine farms were screened for the presence of the adhesin involved in diffuse adherence (AIDA) gene by polymerase chain reaction (PCR). Escherichia coli isolates that carried AIDA genes were also tested by PCR for the detection of 5 fimbriae (F4, F5, F6, F18, and F41), 3 heat-stable (STa, STb, and EAST1) and 1 heat-labile (LT) enterotoxin, and Shiga toxin 2e (Stx2e) genes. Forty-five (7.5%) of the 604 E. coli isolates carried the gene for AIDA. Of these 45 isolates, 5 (11.1%) carried EAST1 genes only, 1 (2.2%) carried genes for at least one of the fimbrial adhesins, 12 (26.7%) carried genes for at least one of the toxins, and 27 (60%) carried genes for at least one of the fimbrial adhesins and toxins. Fifty-one percent of strains that carried AIDA genes carried Stx2e genes, and 40% of strains that carried AIDA genes carried F18ab. The isolation rate of enterotoxigenic E. coli strain carrying genes for AIDA was 87%, and the isolation rate of Shiga toxin-producing E. coli strain carrying genes for AIDA was 49%. AIDA may represent an important virulence determinant in pigs with postweaning diarrhea or edema disease. morrhagic E. coli (EHEC), and enteroaggregative E. coli (EAggEC). 15, 18 Diffusely adherent E. coli (DAEC) has been recognized as the sixth class of diarrheagenic E. coli. 18 EPEC, EAggEC, and DAEC strains were classified by their ability to produce distinct patterns of adherence to cultured epithelial cells in vitro: localized, aggregative, and diffuse. The EPEC strains bind to host cells in a pattern called localized adherence, whereby bacteria attach to and form microcolonies in distinct areas of the cell surface. 22 The EAggEC strains bind in an aggregative adherence pattern, whereby aggregated bacteria attach to the cell. 18 The DAEC strains are defined by the pattern of diffuse adherence (DA), whereby bacteria adhere evenly to the whole cell surface. 22 A plasmid-encoded outer membrane protein of 100 kD, termed adhesin involved in diffuse adherence (AIDA), is involved in the DA phenotype DAEC strains. 1 The genes encoding AIDA are located on 2 open reading frames, aah gene (previously known as orfA) and aidA gene (previously known as orfB). 2, 4 The latter codes for the autotransporter adhesin AIDA-I system, and the former encodes a 45-kD cytoplasmic protein that is required to modify AIDA-I such that it adheres to target cells. 1, 3 In addition to DAEC, the AIDA gene is also carried by porcine ETEC strains. 20 However, there is little information regarding the prevalence of AIDA-positive E. coli. The purpose of this study was to investigate the prevalence of the AIDA gene in E. coli isolated from weaned pigs with diarrhea or edema disease and to determine its relationship with fimbrial (F4, F5, F6, F18, and F41), enterotoxin (STa, STb, EAST1, and LT), and Shiga toxin 2e (Stx2e) genes by the polymerase chain reaction (PCR).
Between 1995 and 2002, 604 E. coli were isolated from 653 weaned pigs with diarrhea or neurologic sign from across South Korea to the Department of Veterinary Pathology, Seoul National University. Fifty-nine E. coli were isolated in 1995, 57 in 1996, 68 in 1997, 72 in 1998, 70 in 1999, 76 in 2000, 102 in 2001, and 100 in 2002. All isolates were taken from epidemiologically unrelated pigs. The isolates originated from cultures of ileal and cecal contents obtained from weaned pigs. Colonial characteristics of each isolate were noted, including hemolytic reaction on blood agar and texture (smooth, rough, and mucoid) on Tergitol-7 agar. a Infections were considered potentially dual or multiple when colonies with different hemolytic patterns or textures were observed. Biochemical analyses were performed at 37 C with fermentations in glucose, adonitol, and raffinose and by the indole test. All different colonies were selected to perform the PCR.
For reference strains, E. coli O141:K85ab strain AS12 (negative control), E. coli O126:H7 (AIDAϩ), b A total of 604 isolates were tested for the aah and aidA genes. The PCR for the aah and aidA genes was carried out as described previously. 20 Escherichia coli isolates that carried either aah or aidA genes were also examined for genes of fimbriae (F4, F5, F6, F41, and F18) and toxins (STa, STb, EAST1, LT, and Stx2e). The PCR for fimbriae and enterotoxins was carried out as described previously. 10, 14, 21, 24, 25 After amplification, the PCR products of F18 were purified with a commercial kit. c The amplified DNA was then digested with the restriction enzyme NgoMI c for 2 hours at 37 C in the appropriate buffered solution c as described previously. 10 The digested DNA fragments were analyzed by electrophoresis on 2.0% agarose gels.
Primer pair for AIDA gene yields PCR products of the expected size for control strains and field isolates ( Fig. 1 ). Forty-five (7.5%) of the 604 E. coli isolates carried the gene for AIDA. Of these 45 isolates, 43 carried both aah and aidA genes and 2 carried aah gene only. Among 45 isolates known to carry genes for AIDA, 3 were isolated in 1995, 9 in 1996, 5 in 1997, 7 in 1998, 3 in 1999, 5 in 2000, 7 in 2001, and 6 in 2002.
Among 45 isolates known to carry genes for AIDA, 5 (11.1%) carried the AIDA gene as the only known virulence factor. Other isolates carried other virulence factor genes in addition to AIDA. One isolate (2.2%) carried genes for ETEC fimbrial adhesin (F18ab) only, 12 (26.7%) carried genes for at least one of the toxins, and 27 (60%) carried genes for at least one of the fimbrial adhesins and toxins. Fortynine percent of isolates that carried AIDA gene carried Stx2e gene, and 40% of isolates that carried AIDA gene carried the F18ab gene. The 4 major genotypes observed in this study (in decreasing order) were AIDAϩ (5 isolates), AIDAϩF18abϩStx2eϩSTa (4 isolates), AIDAϩF18abϩStx2eϩSTaϩSTb (4 isolates), and AIDAϩEAST1ϩ (3 isolates).
Among the 12 isolates known to carry genes for one or more of the toxins, 3 contained genes for EAST1; 2 contained genes for STb; 2 contained genes for STa and EAST1; 2 contained genes for STb and EAST1; 1 contained the gene for STa; 1 contained genes for STx2e; and 1 contained genes for Stx2e, STb, and EAST1.
Among the 27 isolates known to carry genes for at least one of the fimbrial adhesins and toxins, 4 contained genes for F18ab, Stx2e, and STa; 4 contained genes for 18ab, Stx2e, Sta, and STb; 2 contained genes for F18ab, Stx2e, and STb; and 2 contained genes for F18ab, Stx2e, and LT. The rest of the isolates carried genes for one of the fimbrial adhesins and toxins.
This study examined the prevalence of the AIDA gene and the relationship of carriage of this gene with that of fimbriae and toxin genes in E. coli isolates from pigs with postweaning diarrhea or edema disease. The isolation rate of E. coli carrying AIDA gene in pigs with postweaning diarrhea or edema disease was about 7.5%. The prevalence of E. coli carrying AIDA gene in the Republic of Korea is lower than that in the United States, which was 9.4% in preweaning pigs with diarrhea. 19 Escherichia coli isolates that contained genes for at least one of the fimbrial adhesins or enterotoxins were classified as ETEC and that contained Stx2e genes were classified as Shiga toxin-producing E. coli (STEC). The isolation rate of ETEC strain carrying genes for AIDA was 87%, and the isolation rate of STEC strain carrying genes for AIDA was 49%.
The DA of DAEC is mediated by the autotransporter adhesin AIDA-I encoded by the plasmid-borne aidA gene. 1, 3 However, the aidA gene alone is not sufficient to mediate adherence. AIDA-I is a glycoprotein. The transfer of heptose residues into AIDA-I is mediated by the production of the aah gene, which is always found to be associated with the AIDA system. 4 The AAH protein has been identified as a heptosyltransferase that uses the activated precursor adenosine diphosphate-glycero-mannoheptose as a substrate. The modification with heptose is essential for the adhesive functions of AIDA-I because the unmodified protein is unable to mediate bacterial adherence. 2, 4 The data indicated a positive relationship among carriage of genes for AIDA, F18 adhesin, and Stx2e. Strains carrying the AIDA gene also possessed both F18ab fimbrial and Stx2e genes, supporting the previous finding that AIDA, F18, and Stx2e genes are related. 20 F18ab fimbrial adhesin is an important virulence attribute of E. coli associated with edema dis-ease, 13 whereas F18ac fimbrial adhesin is more closely associated with postweaning pigs with diarrhea. 6, 12 These findings support the concept that AIDA gene may be more closely associated with strains that cause edema disease.
This study indicates that the AIDA gene is not restricted to DAEC strains. The AIDA gene was also found in porcine origin ETEC and STEC strains. Hence, the AIDA gene may possess wider pathobiological significance. The presence of the AIDA gene in ETEC and STEC strains is particularly striking. ETEC cause secretory diarrhea in pigs by producing hostspecific fimbrial adhesins and one or more of the following enterotoxins: LT, STa, and STb. 5, 7 Stx2e produced by STEC plays an important role in the pathogenesis of edema disease. 9, 17 One of the target of Stx2e is the endothelial cells of small blood vessels, resulting in edema at specific locations. 16 However, it has not yet been determined whether porcine E. coli strains carrying AIDA only and lacking the other enterotoxins or Stx2e may be diarrheagenic in pig. Further studies are needed to define the role of AIDA in the pathogenesis of weaned pig with diarrhea or edema disease.
The pathogenicity of E. coli strains carrying AIDA only has not yet been determined. The role of DAEC strains in diarrhea remains controversial because some studies have reported that these strains are found similarly in children with and without diarrhea. 8, 11 In addition, the DAEC strain did not cause diarrhea in adult volunteers but indicated that DAEC may cause disease in immunologically naive or malnourished children. 23 The results of this study indicate that the gene encoding AIDA is distributed among E. coli isolated from pig with postweaning diarrhea or edema disease. The PCR assay is a reliable and practical alternative for the identification of the AIDA gene. AIDA may represent an additional virulence determinant in the pathogenesis of E. coli in pigs with postweaning diarrhea or edema disease.
